Objective: To determine if adjusted mortality, walking ability or return home differed after hip fracture surgery between Canada and the USA. Design: Secondary analysis of the Functional Outcomes in Cardiovascular Patients Undergoing Surgical Hip Fracture Repair (FOCUS) trial data. Setting: Data were collected from 47 American and Canadian hospitals. Participants: Overall, 2016 subjects with a hip fracture (USA = 1222 (60.6%); Canada = 794 (39.4%)) were randomized to a liberal or restrictive transfusion strategy. Subjects were 50 years and older, with cardiovascular disease and/or risk factors and hemoglobin <100 g/L within 3 days post-surgery. The average age was 82 years and 1527(76%) subjects were females. Intervention: Demographics, health status and health services data were collected up to 60 days post-surgery and mortality to a median of 3 years post-surgery. Main outcomes: Mortality, inability to walk and return home. Results: US subjects had higher adjusted mortality than Canadians at 30 days (odds ratio = 1.78; 95% confidence interval: 1.09-2.90), 60 days (1.53; 1.02-2.29) and up to 3 years (hazard ratio = 1.25; 1.07-1.45). There were no differences in adjusted outcomes for walking ability or return home at 30 or 60 days post-surgery. Median hospital length of stay was longer (P < 0.0001) in Canada (9 days; interquartile range: 5-18 days) than the US (3 days; 2-5 days). US subjects (52.9%) were more likely than Canadians (16.8%) to be discharged to nursing homes for rehabilitation (P < 0.001).
Introduction
There are many medical treatment similarities between Canada and the United States (US), especially in those requiring technical expertise in surgical care. However, patients are managed differently postsurgically, due, at least in part, to the fact that health-care coverage differs substantially between countries with Canada providing universal health insurance coverage and the USA providing a mix of private, for-profit and non-profit, and public care with variable individual coverage. There is much recent interest in comparing patient outcomes and health service variation across health systems internationally [1] [2] [3] [4] [5] [6] [7] . Most research to date comparing international outcomes for conditions such as hip fracture have used administrative databases or retrospective review of hospital records [3, 6, 7] . While these data are often population-based, they may be limited in their ability to adjust for diverse case-mix [8] including pre-fracture status, living arrangements and comorbidities (including dementia) and frequently only measure mortality rather than outcomes such as the ability to walk or return home after a hip fracture. Prospectively collected data provide higher quality measures to compare these additional patient outcomes between the two countries.
As hip fracture is one of the most common reasons for injuryrelated hospitalization of older persons [9] [10] [11] [12] , and is associated with high morbidity and mortality [13] [14] [15] , it is an excellent clinical model to compare outcomes between countries. Between 19 July 2004 and 28 February 2009, we performed a randomized controlled trial with the primary aim of comparing two transfusion thresholds (80 vs. 100 g/L) in hip fracture patients in the USA and Canada [16] . These data allowed cross-country comparison of patient outcomes and health-care delivery at 30 and 60 days postoperatively as well as longer-term mortality at a median of 3 years after hip fracture [17] .
The main objectives of this secondary analysis of the Functional Outcomes in Cardiovascular Patients Undergoing Surgical Hip Fracture Repair (FOCUS) trial data were to compare, after adjustments for case-mix measures, USA and Canadian subjects' outcomes including short-and long-term mortality, inability to walk independently and return home. We also evaluated acute care health services delivery in both countries.
Methods
We performed an exploratory, secondary analysis of data from 2016 subjects enrolled in the FOCUS trial. FOCUS was a randomized controlled trial designed to evaluate the effect of red blood cell transfusion strategies on mortality, function and morbidity in patients with cardiovascular disease or risk factors who underwent surgery for hip fracture. The methods and results have been published previously [16] [17] [18] .
FOCUS trial
Subjects were recruited between 2004 and 2009 at 47 participating USA and Canadian clinical centers. We enrolled subjects who were 50 years and older with a hip fracture and cardiovascular disease or cardiovascular risk factors with hemoglobin concentration <100 g/L within 3 days following surgical repair. Subjects were randomized to a liberal or restrictive transfusion strategy. The following baseline characteristics and medical history were collected by research staff during hospitalization: age; sex; pre-admission residence; histories of: coronary artery disease, congestive heart failure, hypertension, peripheral vascular disease, cerebrovascular disease, kidney disease, diabetes mellitus, dementia and the American Society of Anesthesiology (ASA) risk score as a measure of pre-operative sickness. Surgical procedure used to repair the hip was recorded as was anesthesia type. Surgical hospital length of stay (LOS) was determined from the time of randomization (within 3 days of surgery) to a maximum of 30 days post-randomization. Discharge destination was recorded at discharge from the surgical hospital. Mortality, inability to ambulate across a room (10 feet or 3.01 m) without human assistance (with/without an assistive device), and return to home (for those admitted from the community) were ascertained via telephone query at the 30 and 60 days follow-up time points. As an ancillary study to FOCUS, longterm mortality was ascertained by linking the study patients to national death registries in the USA (National Center for Health Statistics National Death Index (NDI)) and Canada (Statistics Canada Mortality Database (CMDB)) at a median of 3 years after hip fracture [17] . Outcomes were ascertained on 1999 (99%) of subjects.
Current analysis
Baseline characteristics and health services delivery were compared between US and Canadian subjects using chi-square statistics for categorical variables and t-tests for continuous variables. For health services, we evaluated surgical fixation, anesthetic type, surgical hospital LOS (following study randomization) and discharge destination from the surgical hospital (within 30 days of randomization). Discharge destination was not synonymous with return to home at 30 and 60 days, but rather, reflected the destination of the patient at the time of discharge from the surgical hospital (i.e. may include rehabilitation, skilled nursing facilities or other in-patient care settings as well as return directly home). Because LOS and discharge destinations are mediated by the organization of health-care services within each country, they were not included as covariates in the adjusted outcome analyses. The relationship between potential confounding variables, identified a-priori as: age, sex, race, nursing home residence prior to hospitalization, dementia, cardiovascular disease or risk factors, diabetes, kidney disease, cancer and ASA risk score, and each of the study outcomes, were examined. ASA risk scores of one (lowest risk) and two were combined into a single category as there were very few subjects with a score of one.
Unadjusted odds ratios for USA compared to Canadian subjects were determined for each of these primary outcomes (mortality; a composite outcome of inability to walk/death; and return home) at 30 and 60 days post-randomization. Return to home reflected the current residence of the patient at 30 and 60 days post-randomization (i.e. after discharge from rehabilitation hospitals, etc.). Those subjects who were in a nursing home at the time of the hip fracture were excluded from the residence at 30 and 60 days analysis as there was no expectation that these individuals would return to the community.
Logistic regression modeling determined association of country with outcome measures, with adjustment for potential confounding using the variables defined a-priori as described previously. The model for each outcome included country and allowed stepwise selection of the candidate variables (P ≤0.05 for both entry and to remain). As this was an exploratory analysis, stepwise selection was used to balance the trade-offs among over-fitting, missing signal and leading the direction of the model. Candidate variables for the stepwise models were defined as the potential confounders that were statistically associated (P < 0.05) with outcome in unadjusted comparisons. In addition, we included the trial randomization allocation in all adjusted models. Thus, although all models started with the same set of potential candidate variables, only those that were statistically associated with the outcome were retained in the final models for each outcome.
Cox proportional hazards modeling determined the association of country with long-term survival. Proportional hazards survival functions that were direct adjusted to the overall means of covariates in the model across both countries were produced for the USA and Canada. Finally, we also evaluated the nested effect of centers within countries, which did not affect results (nor were nested centers significantly associated with outcomes), so these models were not reported. Sample size was determined based on the primary outcome in the trial [16] . All analyses were performed using SAS version 9.2 (SAS Institute Inc., Cary, NC).
Results
There were 1 222 (60.6%) subjects enrolled in the USA and 794 (39.4%) in Canada. At baseline, subjects in the USA were less likely to have dementia (USA: 25.1%; Canada: 41.4%), cerebrovascular disease (USA: 19.0%; Canada: 29.0%), and to reside in nursing homes prior to their hip fracture (USA: 7.6%; Canada 15.3%). More US subjects were males (USA: 25.9%; Canada: 21.8%), had kidney disease (USA: 9.9%; Canada: 6.2%), and had a history of cancer (USA: 20.1%; Canada: 15.8%). No other significant differences were noted between US and Canadian subjects (Table 1) . Table 2 reports the unadjusted and adjusted analyses. Country was not significantly associated with mortality at any of the evaluation time periods (USA compared to Canada) in the unadjusted analyses. However, country was significantly associated with mortality at 30 days (USA compared to Canada: odds ratio = 1.78; 95% confidence interval: 1.09-2.90) and at 60 days (USA compared to Canada: odds ratio = 1.53; 95% confidence interval: 1.02-2.29) after adjustment for confounders. Examination of the adjusted survival plots (Figs 1 and 2 ) demonstrated similar survival until 20 days; after 20 days, the rate of survival favored subjects in Canada out to 3 years (USA compared to Canada: hazard ratio = 1.25; 95% confidence interval: 1.07-1.45). Very few subjects were followed after 4 years in Canada, so the survival estimates for these time points are not very reliable in Canadian subjects as can be seen by the large drops in survival curves at single time points.
In unadjusted analyses of non-mortality outcomes, the only study outcome that statistically differed between the USA and Canada was the composite outcome of inability to walk independently/death at 30 days (USA compared to Canada: odds ratio = 0.82; 95% confidence interval: 0.68-0.98). But in the adjusted analyses, country had no independent association with inability to walk/death or return home at either 30 or 60 days.
Surgical procedures performed in each country were similar, but general anesthesia was administered more commonly in the USA. The median LOS in the surgical hospital following randomization was significantly longer (P < 0.001) in Canada (9 days, interquartile range: 5-18 days) compared to the USA (3 days, interquartile range: 2-5 days). Although both countries commonly discharged patients to rehabilitation hospitals, the USA was much more likely to discharge to nursing homes, which includes skilled nursing facilities, (n = 545; 52.9%) than Canada (n = 133; 16.8%) (P < 0.001), where such short term rehabilitation in nursing homes is uncommon. Canada was also much more likely to have subjects who were still in hospital at 30 days (n = 98; 12.4%) than the USA (n = 3; 0.2%) (P < 0.001) ( Table 3 ).
Discussion
We found significantly better adjusted survival in Canadian relative to US subjects within 30 days of hip fracture, which was sustained out to a median of 3 years post hip fracture. Despite differences in mortality, there was no difference in either walking ability or return home at either 30 or 60 days post hip fracture between countries after case-mix adjustment. Examination of the 60-day survival curves demonstrates similar mortality rates for the first 20 days, which likely reflects comparable perioperative hospital care. The survival curves then begin to diverge between countries after 20 days when most subjects were discharged from the hospital. Our unadjusted analysis of health services suggests that surgical management of hip fracture patients is similar across countries. However, Canadian subjects had substantially longer stays in the surgical hospital with more varied discharge destinations than the USA and more than 10% of Canadian subjects remained in hospital at 30 days after surgery. In contrast, US subjects had a short surgical hospital LOS and >80% were discharged to either rehabilitation facilities or nursing homes that included skilled nursing facilities.
One previous study comparing hip fracture patient outcomes between Canada and USA in the 1990s found that in-hospital mortality was higher in Canada when comparing two US States and two Canadian provinces [19] . However, the analysis was performed 2 decades ago, focused on in-hospital mortality and used administrative data that may not have captured co-morbidity as well as our prospectively collected data in FOCUS.
A 2007 systematic review comparing 38 studies on diverse conditions including cancer, coronary artery disease, chronic medical illnesses and surgical procedures between Canada and the USA reported that most studies reported equivocal outcomes or better outcomes in Canada [3] . Of note, results in this systematic review were heterogeneous and many of the studies were considered low quality by the reviewers. Further, there may be other reasons for our reported differences in survival between countries. Our data would suggest, at least for hip fracture patients, the difference may not be related to hospital care based on the similar mortality rates within the first 20 days after hip fracture.
Recent comparisons have found that Americans have lower life expectancy than Canadians [1, 20, 21] . Alternative explanations for these overall survival differences include variation in; post-discharge health-care services, socio-economic status and/or cultural characteristics between countries. These possibilities require further investigation. A recent comparison of European Union countries also demonstrated differences in patient outcomes and LOS after hip fracture, but could not provide in-depth analysis of why these variations exist [6, 22] . A systematic review of medical practice variation in Organization for Economic Cooperation and Development (OECD) countries highlighted the need for more studies that target health conditions that have clinical importance, are resource intensive and have decision-maker and public awareness [2] ; hip fractures in older adults would certainly meet these criteria.
Our study has a number of strengths. This was a large cohort of complex patients from almost 50 different centers across North America. We had detailed prospectively collected information on pre-fracture health and comorbidities, which allowed us to perform extensive case-mix adjustment. Further, we had excellent ascertainment of outcomes, including walking ability and return home at 30 and 60 days post-surgery. Mortality was also verified from multiple reliable sources. These data allowed more detailed comparisons, including non-mortality outcomes, between countries. Very few Canadian subjects were under follow up after four years. The Kaplan-Meier curves we used compute death incidence only among those under follow up at a given time, producing consistent curves even when some subjects have less follow up information than others. In addition, the proportional hazards models stratify-slice the comparisons by time and only compare incidence among those subjects under follow up at a given point in time.
However, there are some notable limitations. The distributions of patient characteristics differed between countries. More Canadian patients than US patients had a history of dementia, stroke and admission from nursing home. These differences were likely due to Canadian research ethics boards permitting proxy consent more frequently than US ethics boards since patients with dementia, stroke history and/or from nursing homes tend to be less able to provide their own informed consent. We would have expected a higher mortality in Canadian patients resulting from greater frequency of patients with dementia. However, mortality was not different between countries in the unadjusted analyses. But substantial mortality differences between countries emerged and attained statistical significance after case-mix adjustment (which included nursing home residence prior to hip fracture and dementia as potential confounding variables). Our study population was also chosen from subjects enrolled in a clinical trial that targeted patients with cardiovascular disease or cardiovascular risk factors; therefore the results may not generalize to all patients with hip fractures. LOS and discharge destination from the surgical hospital are related to organization of health-care services within countries [4, 6] . We did not evaluate how the overall management of patient care varied between Canada and the US based on the pre-specified parameters of patient care collected by the FOCUS trial data. As a consequence, we are unable to clearly attribute the survival difference between countries to health system differences as we did not assess health services delivery after discharge from the surgical hospital. Further research is essential to identify if post-discharge health service utilization or other health indicators contributes to survival differences between the USA and Canada.
In summary, after case-mix adjustment, we found that Canadian subjects survived longer following hip fracture than did their American counterparts, yet subjects in both countries had similar non-mortality outcomes. Surgical care was similar between countries, but Canadians had longer surgical hospital LOS than did Americans and discharge destinations varied substantially between countries. Future research should investigate differences in the delivery of health care, both within and outside the surgical hospital setting, to determine what impact the organization of health services 
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